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Abstract
Background: Medication errors have been reported to be a leading cause of death in hospitalized patients. In this
study we focused on identifying and quantifying errors in the handwritten drug ordering and dispensing
documentation processes which could possibly lead to adverse drug events.
Methods: We studied 1,934 ordered agents (165 consecutive patients) retrospectively for medication
documentation errors. Errors were categorized into: Prescribing errors, transcription errors and administration
documentation errors on the nurses’ medication lists. The legibility of prescriptions was analyzed to explore its
possible influence on the error rate in the documentation process.
Results: Documentation errors occurred in 65 of 1,934 prescribed agents (3.5%). The incidence of patient charts
showing at least one error was 43%. Prescribing errors were found 39 times (37%), transcription errors 56 times
(53%), and administration documentation errors 10 times (10%). The handwriting readability was rated as good in
2%, moderate in 42%, bad in 52%, and unreadable in 4%.
Conclusions: This study revealed a high incidence of documentation errors in the traditional handwritten
prescription process. Most errors occurred when prescriptions were transcribed into the patients’ chart. The
readability of the handwritten prescriptions was generally bad. Replacing the traditional handwritten
documentation process with information technology could potentially improve the safety in the medication
process.
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Background
In its 1999 landmark paper, “To Err is Human,” the U.S.
Institute of Medicine stressed the fact that medication
errors are the eighth most frequent cause of death in
the United States, more frequent than car accidents,
breast cancer, or AIDS [1]. Adverse drug events, defined
as injury caused by medical management involving
drugs, are the most prevalent cause of inpatient injury
and are often found to be preventable [2-5].
Dormann et al. reported adverse drug events (ADEs)
to be the reason for 6% of hospital admissions in inter-
nal medicine in Germany, causing additional health care
expenditures of several hundred million Euros. Almost
half of the ADEs observed in that study were considered
preventable [6]. Buajourdet et al. revealed an incidence
of 18% fatal adverse drug events among inpatients who
died in the Department for Internal Medicine in Norway
[7]. A comprehensive study in the United States showed
that almost every fifth medication dose reaching the
patient is incorrect [8].
The drug prescription and administration process in
most hospitals worldwide is still based on handwritten
medical chart entries [2,9,10]. Several steps in this com-
plex and unchecked process can harbour a high number
of relevant errors. These undetected medication errors
in patients’ drug documentation may be a significant
source of ADEs [11,12].
* Correspondence: mh@maxhartel.de
1Research Group for e-medication, Bern University Hospital, Inselspital, CH-
3010 Berne, Switzerland
Full list of author information is available at the end of the article
Hartel et al. BMC Health Services Research 2011, 11:199
http://www.biomedcentral.com/1472-6963/11/199
© 2011 Hartel et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.This study was performed to identify and quantify
possible sources of error in the handwritten prescription
and medication process in a large Swiss university hos-
pital. Medical records were analyzed for readability of
handwritten medication entries and for errors in the
medication documentation. Possible strategies to reduce
the incidence of errors in this high-risk process are dis-
cussed [13].
Methods
Study environment and patient sample
The investigation was conducted at the Surgical Depart-
ment of the Inselspital University Hospital of Bern, Swit-
zerland. The study sample consisted of all consecutive
inpatients discharged from one 20-bed unit of the
orthopedic department from January 1
st through January
31
st 2005. The same unit was later used to carry out a
software pilot with a newly developed computerized
physician order entry system with clinical decision sup-
port. Ward staff consisted of up to 17 nurses. Sixteen
residents were in charge of prescribing drugs to patients.
Although this observational study does not measure
the effectiveness of an intervention to improve quality in
health, we report the results, where appropriate, follow-
ing the Standards for Quality Improvement Reporting
Excellence (SQUIRE) [14,15]. This retrospective chart
review complies with the regulations for retrospective
research projects at the University Hospital Berne,
agreed with the Cantonal Ethics Commission, Berne,
Switzerland.
The process of prescription and medication
Drug prescription and administration is a standardized
process in our department and organized as follows
(Figure 1): The treating physicians manually list all new
prescriptions on a prescribing sheet, which is part of the
patient chart and thus accessible to the responsible
nurse (Figure 2).
All prescriptions are then transcribed to standardized
medication lists, on which the nursing staff documents
the actual administration of drugs. Documented details
include form, dose, route, frequency, and duration of
drug administration. On a time scale, the applied dose
and frequency for each day is expressed using figures
and lines (Figure 3).
Investigated Variables
Documentation Errors
Errors in medication documentation were categorized
into three types:
1. Prescribing errors (found on prescribing sheets, e.g.
wrong date, missing information about dosage),
2. Transcription errors (occur in the process of tran-
scription from a prescribing sheet to a patient’s medica-
tion list),
3. Administration documentation errors (errors in the
documentation of the actual drug dispensation on the
medication list by nursing staff).
Readability
Prescription sheets were analyzed for readability by
three independent investigators: One senior surgeon,
one resident, and a non-medical scientific associate. The
readability of entries was categorized as good, moderate,
bad, or unreadable. The inter-rater reliability of the
initial ratings was calculated for the resulting classifica-
tions. Test-retest reliability was determined by 2 of the
investigators by re-evaluating the readability of drug pre-
scriptions on 30 randomly selected prescription sheets
after at least three months. Cases of disagreement were
resolved in a consensus meeting.
Statistics
Due to the skewed distribution of data, we calculated
Spearman’s rank correlation coefficient r to estimate the
association between the number of agents prescribed
per patient, patient age and length of hospital stay.
Inter-rater reliability for the assessment of readability
among the three raters was analyzed using Cohen’s
Kappa coefficient. Kappa is the proportion of agree-
ments that is actually observed between raters, after
adjusting for the proportion of agreements occurring by
chance. A value of Kappa equal to +1 implies perfect
agreement between the two raters, while that of -1
implies perfect disagreement. If Kappa has the value 0,
there is no relationship between the ratings of the two
raters, and any agreement or disagreement is due to
Figure 1 Workflow of medication documentation in the Department for Orthopedic Surgery, Inselspital, Bern, Switzerland.
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raters, weighted Kappa coefficients were calculated.
Agreement was qualified as follows: Low < 0.4, moder-
ate 0.4-0.59, good 0.6-0.79, excellent > 0.79.
All statistical analyses were conducted using SAS 9.1
(SAS Institute, Inc., Cary, NC, USA).
Results
Sample characteristics
A total of 167 consecutive patient histories stored in the
clinic information system in January 2005 were included
in this study. In two cases the medication forms were
missing. Thus, a total of 165 cases were considered valid
for analysis. The median patient age was 55 years (range
17-93). Sixty-nine patients (42%) were female. The med-
ian length of stay was 6 days (range 1-53).
A total of 1,934 different agents were ordered in 576
different entries. The median number of agents per
patient was 11 (range 1-30). Patient age and the number
of prescribed drugs were positively correlated (r =0 . 3 9 ;
p < 0.0001). Furthermore, there was a positive correla-
tion between the length of stay and the number of
drugs prescribed (r = 0.67; p < 0.0001).
Documentation Errors
A total of 105 errors were detected in 65 of the 1934
prescribed agents (3.5%). At least one error was found
in the medication documentation of 71 of the 165
patients (43%), while in 94 cases no errors were found
in the medication documentation (on both, the prescrip-
tion sheets and medication lists). The median number of
documentation errors per patient was 1 (range 0-9). The
maximum number of 9 irregularities was detected in the
drug documentation of an 86-year-old female patient
who received 25 different agents during a 10-day stay. A
detailed listing of the medication documentation errors
found is depicted in Table 1.
Prescribing errors occurred in 39 prescribed agents.
Wrong or missing details about date and time were
identified in 29 prescriptions (27.6%), which may
have had a direct impact on the start time of a medi-
cation. In four cases (3.8%), the prescriptions were
lacking dose information. Ambiguous orders, poten-
tially leading to an overdose, were found three times
(2.9%). One of these could potentially have resulted
in an overdose with 18 mg of phenprocoumon (cou-
marine derivative) per day. In two cases (1.9%), the
Figure 2 Section of a prescribing sheet. This shows the prescriptions of three different attending doctors.
Figure 3 Sample of a medication list. Section of the oral
medication that was paused for the day of the surgical intervention.
Table 1 Listing of Medication Documentation Errors (n =
105), (Derived from previous work by Kenneth Barker et
al 2002 [8])
Type of Error Absolute
Frequency
%
Prescribing Errors 39 37.1
Wrong/missing date/time 29 27.6
Missing dose specification 4 3.8
Ambiguous order/Overdose 3 2.9
Wrong patient 2 1.9
Missing frequency specification 1 1.0
Transcription Errors 56 53.3
Missing New Orders 28 26.7
Wrongly Transcribed Dose 18 17.1
Not Transcribed Stop Order 1 1.0
Others 9 8.6
Administration documentation errors 10 9.5
Omission or missing administration
documentation
4 3.8
Wrong/missing date/time 2 1.9
Intentional alteration of original drug name 1 1.0
Inaccurate dosing documentation 1 1.0
Documentation on wrong patient sheet 1 1.0
Wrong categorization on sheet 1 1.0
Total Errors 105 100.0
Listing of Medication Documentation Errors (n = 105), (Derived from previous
work by Kenneth Barker et al 2002 [8])
Hartel et al. BMC Health Services Research 2011, 11:199
http://www.biomedcentral.com/1472-6963/11/199
Page 3 of 6doctors wrote formally correct prescriptions but on
the wrong patient’s order sheet. Finally, the fre-
quency of drug administration was missing in one
prescription (1%).
Transcription errors occurred in 56 prescribed agents.
Of these, 28 new drug orders (27%) were not tran-
scribed to the medication lista ta l l .I n1 8c a s e s( 1 7 % ) ,
the drug order was transcribed, but the dose was wrong
in the medication list.
Administration documentation errors were found in
10 prescribed agents: In four cases (3.8%), the nursing
staff failed to either document or entirely omitted
administrations. In two cases (1.9%), the date and time
were either missing or wrong. In one case (1%), the
drug name was abbreviated and altered, in another a
nurse was imprecise when documenting the dosing
information. On one medication sheet the administra-
tion dispensing documentation of another patient was
found. Finally, on one sheet the PRN nausea medication
was categorized as PRN sleeping/agitation medication
and vice versa.
Readability
Figure 2 shows a section of a prescription sheet with
prescriptions of three different doctors. Good readability
was found in 2% of prescription sheets, moderate read-
ability in 42%, and bad readability in 52%. Unreadable
prescriptions were found in 4%. The agreement of the
initial ratings between the three raters revealed the fol-
lowing pairwise Kappa values: 0.44 (95% CI 0.38-0.50),
0.33 (95% CI 0.27-0.39) and 0.36 (95% CI 0.30-0.41).
Initial disagreement between the raters was only
observed in prescriptions with moderate or bad read-
ability, while the raters perfectly agreed upon unreadable
prescriptions and those with good readability. The test-
retest reliability for the two raters produced Kappa
values of 0.65 (95% CI 0.53-0.77) and 0.60 (95% CI 0.49-
0.71), respectively.
No documentation errors were found in prescription
sheets with good readability. The median number of
documentation errors in prescription sheets rated as
moderately readable was 0.5 (range 0 - 4). In sheets
with bad readability the median number of errors was 1
(range 0 -4).
Discussion
This study revealed a high error rate in the prescription
process in a large Swiss University Hospital. The process
of transcribing a drug order manually from one sheet to
another appears to be a significant source of error.
More than half of the handwritten prescriptions were
rated as poorly readable or unreadable.
It is well known that errors in the medication process
can lead to adverse drug events [4,8,11,16,17].
Negligence and omission have been reported to be a
prominent source of error, and transcription errors can
potentially compromise patient outcomes [3,4,8,11,18].
In our study, at least one error in the prescription-tran-
scription process was found in 3.5% of all prescribed
agents. This was similar to the results published by
Bobb in 2004 (6.2%) and Bates in 1995 (5.3%), whereas
Barker found a markedly higher error rate of 19%
[2,8,16]. Most errors found in our study were related to
the transcription of prescriptions (53.3%). Others have
reported lower transcription error rates (Bobb 2004:
4.9%; Leape 1995: 11.9%; Barker 2002, for omitted drug
orders: 30.2%) [2,8,11]. These differences are mainly due
to diverse definitions of error types and methodological
approaches chosen by investigators based on the parti-
cular documentation practices in their health care sys-
tem. Moreover, unlike other investigations, our study
focussed on the handwritten medication documentation
and its error proneness.
Compared to the data from Winslow et al. (20% illegi-
ble or readable with effort) and Aylamani et al., our
study revealed an even worse legibility of the handwrit-
ing of physicians [19,20]. Agreement among the three
raters in the readability evaluation was low, thus making
evident that there are not only considerable differences
in the quality of handwriting between different physi-
cians but also between the subjective ability to read dif-
ferent handwritings. In addition, even when the two
physicians rated the same prescriptions on two occa-
sions, the agreement was not excellent. These findings
are consistent with those from Alyamani et al., who also
reported considerably low levels of illegibility (0.5%) in a
consensus group of physicians. Interestingly, higher
r a t e sw e r ef o u n di nt h es a m es t u d yi ft h ea n a l y s i sw a s
performed by nursing staff (2.5%) [20].
Different solutions to avoid errors in the handwritten
prescription process are available. Omitting transcribing
by having physicians write the prescriptions directly on
medication lists removes one important source of errors.
However, this does not solve the fundamental problem
of poor readability of handwriting. Therefore, Compu-
terized Physician Order Entry (CPOE) software solutions
are increasingly taken into service and prove to elimi-
nate multiple sources of error. In addition to the repla-
cement of handwritten prescriptions by easily readable
digital fonts, and the factual elimination of documenta-
tion errors, these software programs feature various
security functions, such as checking for drug interac-
tions, dosage levels, laboratory findings, and contraindi-
cations [2,13,21-23]. Of course, the use of CPOE
systems cannot prevent every documentation error; it
may even introduce new sources of error. For example,
insufficient training of staff as well as poor quality of
soft- and/or hardware have shown to facilitate additional
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supports the claim that CPOE systems provide a valu-
able solution for improving the quality of the medica-
tion process in hospitals [9,24-26].
This study has some limitations. It is a retrospective
evaluation and, therefore, discussions between doctors
and nurses concerning patient medication could not be
measured. However, an unblinded prospective approach
may lead to exceptionally careful staff behavior and
over-accurate medication documentation as a result of
being supervised. According to Alyamani et al., the level
of illegibility identified by nurses may be higher com-
pared to the analysis of a consensus group [20]. Hence,
the level of illegibility found may have differed if a nurse
had participated in the investigators group. This study
was conducted on one ward in a single institution, limit-
ing the generalizability of the findings presented in this
paper. Further studies should involve non-surgical
departments that treat patients with complex medical
conditions requiring multiple drugs and long hospital
stays.
Conclusion
In conclusion, this study found a high error rate in the
medication process in a university hospital. Replacing
the traditional handwritten documentation process with
information technology may potentially improve the
quality of the medication process.
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